Transmission of quantum entanglement will play a crucial role in future networks and longdistance quantum communications. Quantum Key Distribution, the working mechanism of quantum repeaters and the various quantum communication protocols are all based on quantum entanglement. On the other hand, quantum entanglement is extremely fragile and sensitive to the noise of the communication channel over which it has been transmitted. To share entanglement between distant points, high fidelity quantum channels are needed. In practice, these communication links are noisy, which makes it impossible or extremely difficult and expensive to distribute entanglement. In this work we first show that quantum entanglement can be generated by a new idea, exploiting the most natural effect of the communication channels: the noise itself of the link. We prove that the noise transformation of quantum channels that are not able to transmit quantum entanglement can be used to generate distillable (useable) entanglement from classically correlated input. We call this new phenomenon the Correlation Conversion property (CC-property) of quantum channels. The proposed solution does not require any non-local operation or local measurement by the parties, only the use of standard quantum channels. Our results have implications and consequences for the future of quantum communications, and for global-scale quantum communication networks. The discovery also revealed that entanglement generation by local operations is possible.
One of the most important goals of current research in quantum computation and communications is the development of global-scale quantum communication networks. The success of worldwide Quantum Key Distribution and quantum repeater networks is based on quantum entanglement [1] [2] [3] [4] [5] [6] [7] . On the other hand, the process of entanglement sharing and distribution is an expensive task. The practical quantum channels are noisy, which makes it very hard or even impossible to send entangled particles over these links. The main reason is that quantum information is very fragile and extremely sensitive to the noise of the communication links. The current solutions under development for entanglement transmission are based on various entanglement purification methods, which could make it possible to share entanglement between distant points, but only if the noise of the communication links is low enough to allow the realization of the post-purification processes in the nodes. However, these purification methods are very expensive and inefficient, since many entangled pairs have to be shared between the parties with relatively high fidelity. One of the most fundamental questions in the development of future communication networks is the process of entanglement transmission. If it were possible to find quantum channels that could generate entanglement between two distant points (let us refer to them as Alice and Bob) without sending the entanglement itself, then we could dramatically reduce the cost of development of future quantum communication networks. It would also have very serious consequences for current knowledge about the nature of the information itself.
Over a quantum channel  , many types of information can be transmitted. Sending entanglement would be possible only if the noise of channel  is low (i.e., it is a high fidelity channel which can transmit quantum information). On the other hand, if the noise of  is high (assuming it is a practical communication channel) then entanglement might be transmitted with much difficulty, or it could be completely impossible.
Let us assume that there is a quantum channel  between Alice and Bob, which is so noisy that it cannot function as a transmission venue for any quantum information, but it can be used to send classical information over it (i.e., it has quantum capacity ( ) =  0 Q , but has positive classical capacity ( ) >  0 C ).
As we have found, this is not the case. There exist low fidelity channels which can transmit only classical correlation, but the noise transformation of the channel can re-transform the input density matrix in such a way that it will result in quantum entanglement between Alice and Bob.
From this point onward, Alice has a much better choice than to send the entanglement directly over  . Alice can feed only a classically correlated input system to  , and the process of entanglement transmission will be made by the most natural property of these communication channels: by the noise transformation of the channel, itself. We called this new phenomenon the "Correlation Conversion" property (CC-property) of quantum channels. Producing entanglement from classical correlation by the noise of quantum channels seemed to be impossible before our results. However, it has already been shown that separable states can be used to distribute entanglement [8] [9] [10] [11] [12] , but these protocols require ideal or nearly noiseless channels between Alice and Bob, which is completely unattainable in a practical communication sys-tem. These schemes also have another drawback: the requirement of non-local operations and local measurement. Our solution does not require ideal channels nor any non-local operation or local measurement on the encoder or decoder side to generate distillable quantum entanglement, only the use of standard quantum channels, i.e., local operations [15] . 
The Correlation Conversion property of quantum channels is
of the second channel will be also received by Bob, and will be simply traced out in the calculations. The final system state will be referred to as
Tr , in which the system state will contain quantum entanglement between r A and s B .
We can easily find such kinds of channels; for example, any channel  1 with error probability
holds true [13] . The error probability p of  1 is so high that it makes it impossible to transmit quantum entanglement, thus ( ) = 
The CC-property of quantum channels. Neither channel  1 nor  2 can transmit any quantum information or distillable entanglement (i.e., these channels are referred as classical-quantum channels);
however, the noise transformation of the channels can generate distillable quantum entanglement between r A and s B from classically correlated, unentangled inputs, r A and r B .
To measure the amount of noise-generated distillable entanglement we consider the use of the ( ) ⋅ E relative entropy of entanglement, from the set of other entanglement measures [9, 10] , such as the negativity, concurrence or entanglement of formation [8, 12] . By definition, the ( ) 
,
where Our results confirmed that the CC-property works for the most natural and simplest channel models-for example, the Pauli channels. We found a combination of two very simple channels, the so called phase flip channel  1 and the entanglement-breaking channel  2 , that can transmit classical correlation only [14] . The ³ 1 3 p error probability of the channel  1 results in
, the entanglement-breaking channel has also
since it measures the input system and outputs a classically correlated density matrix [16] . However, they can be used to generate quantum entanglement. The result is distillable entanglement instead of bound (useless) entanglement, which would be a consequence of an entanglement-binding channel. Entanglement-binding channels could exist only in the set of qudit channels, and these channels gener- 
Conclusion
In this work we first proved that distillable quantum entanglement can be produced by the noise transformation of classical (low fidelity) channels, the result of which has severe consequences for future quantum communications. Our results make it possible to generate distillable entanglement between distant points from classically correlated inputs over quantum channels that have no capability of transmitting quantum information. We developed a new idea which exploits the most natural property of the communication channels and which opens new dimensions in the fields of quantum communications. The solution does not require any non-local operation or local measurement by the parties, only the use of standard quantum channels. It also constrains us to revise our current knowledge about quantum channels and the nature of information itself. We have to reveal those deeply involved, currently hidden and uncharacterized possibilities that quantum information still holds.
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S.1 Theorems and Proofs
In the Supplementary Information we provide the theorems and proofs. First, we discuss properties of the channel structure, then we characterize the input system. Finally, we show the results on the channel output system.
S.1.1 Channel System
First, we show that channels  1 and  2 can transmit classical correlation only. In our setting =   2 EB , and the input of the channel is the flag r C , from the classically correlated density matrix r AC . After the  2 channel has got the flag r C , measures it and outputs a density matrix ( )
where { } L C defines a projective measurement in the standard basis { } 0 , 1 , while the output flag system s C is an arbitrary density matrix.
The decomposition of the entanglement-breaking channel  2 is depicted in Fig. S 
The channel  2 measures the input flag system r C , then outputs the density matrix s C . As the result of measurement flag system C, system AB collapses into a well specified state. The output density matrix s C contains the result of the measurement { } L C , which will be referred as a one-bit classical message '0' or '1' that will inform Bob about the measurement result. Using the classical information from  2 , Bob will be able to determine whether he received an entangled (distillable) or a classically correlated system B. The measurement { } L C of  2 and the identification processes together called post-selection. It is immediately follows that the classical information from  2 encoded in s C , is a required information to Bob to determine whether system AB has become entangled, or not. If the post-selection process is successful then Bob localized entanglement to AB, and we will refer it as entanglement-localization.
The decomposition of the entanglement-breaking channel  2 . It measures the flag system C and outputs the density matrix s C to Bob, which encodes a classical bit (conditional state preparation).
From the one-bit message, Bob will be able to identify the result of the L C projective measurement of the channel for the post-selection process.
The quantum capacity of any  EB entanglement-breaking channels is trivially zero, since due to the { } L C measurement operator of the channel every entanglement vanishes. As follows, for
L C has been applied on r C we will have
which makes no possible to transmit quantum entanglement over channel  2 .
Kraus Representation
The map of the quantum channel can also be expressed with a special representation called the Kraus representation. For a given input system r A and the quantum channel  , this representation can be expressed as [4] , [32] [33] [34] [35] ( ) 
The action of the quantum channel  on an operator k l , where { } k is an orthonormal basis, also can be given in operator form using the Kraus operator
Tracing out the environment, we get
Kraus Representation of the Phase Flip Channel
The effect of the phase flip channel  1 on the subsystem r B of r AB can be expressed in Kraus representation as follows [15] [16] [17] , [41] :
where ( )
denotes the identity transformation on subsystem A and (
is the error probability of the channel  1 .
Kraus Representation of the Entanglement-breaking Channel
The entanglement-breaking channel  2 on the subsystem r C of r AC can be expressed as
where C and ¢ C denote the input and output systems, and the Kraus-operators
and { } V C each do not necessarily form an orthonormal set [37] . 
S.1.2 Characterization of Input System
The process of decoherence on two qubit states has been exhaustively studied in the literature [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , [39] , [41] . However, in our case the noise of the channel will affect only one system state, which still requires further investigation in the mathematical description. The noise of channel  1 will transform the eigenvalues into the range
To see that AB and the flag C together is a separable system, we also give here the density matrix of (S.17). 
where r AB was given in (S.18), and can be expressed in matrix form as:
is the difference of the eigenvalues in input system r AB . System r AB is clearly separable and contains no distillable entanglement, which can also be easily checked by the Peres-Horodecki criterion [31] [32] : the partial transposes will be positive, i.e., ( )
, which trivially follows since r AB is a separable Bell diagonal state. The flag system r C is also separable and contains no quantum entanglement since the partial transpose of r ABC with respect to C is positive, i.e., ( ) 
The other two eigenvalues + u , -u can be defined as follows: 
and the eigenvalues of this matrix will be denoted by 28) respectively. Using this representation form, the required conditions for the separability of the input system can be given as follows. For separable systems AB and AC, the conditions As the results have confirmed, distillable quantum entanglement can be generated only by the use of standard quantum channels  1 and  2 , from which Corollary 2 follows.
Corollary 2. Local operations on B and C can result in distillable quantum entanglement between A and B. These local operations are two CPTP maps, which makes no possible to preserve entanglement in subsystems B and C.
Required Conditions
In input system r ABC the subsystem AB is classically correlated. The partial transposes of r AB with respect to the subsystems have to be positive.
The input density matrix r AB has to be classically correlated and system r ABC has to be separable, which also can be given by different conditions. Using the Peres-Horodecki criterion [31] [32] it is summarized as: .
can be expressed as follows: . Since these conditions on r ABC are all satisfied, it also proves that in the separable input system ABC, system AB contains no quantum entanglement. 
S.1.3 The Correlation Conversion Property
In the output system 
The Correlation Conversion property of quantum channels is summarized in Theorem 2. 
Theorem 2. (On the Correlation Conversion property of quantum channels
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To achieve the entanglement in AB, the matrix (S.41) has to be decomposable into two different matrices, and its decomposition in determined by the flag system C. This post-selection process [8] [9] [10] [11] [12] , [36] [37] will be made by the entanglement-breaking channel  2 . It will be possible if and only if the flag system C has been transmitted over  2 , and after B has been received by Bob, i.e., there is a causality in the post-selection process: the flag C cannot be measured by  2 before Bob would have not received B from  1 . On the other hand, without any information from  2 , Bob will not be able to determine whether he received an entangled system B, or he owns just a classically correlated system. The entanglement-breaking channel  2 will give the answer to Bob. The output of  2 is a one-bit classical message that informs Bob about the result [42] . The flag system r C will be fed to the input of the entanglement-breaking channel  2 , with ( ) = After the channel  2 has applied { } L C to the flag system C, the output system s ABC in (S.33) can be rewritten as follows:
and can be decomposed as: 
From it follows that system s AB in (S.41) can be decomposed into The proposed channel output system s ABC satisfies the separability requirements and the condition for the entanglement of r A and s B . As follows, the noise of channel structure
can transform the input density matrices r B and r C in such a way that results in quantum entanglement between Alice's system r A and channel output ( ) The channel output system s AB can also be expressed as follows: 
satisfying the required condition
The other two eigenvalues + u , + u of s AB are irrelevant in the further calculations, since they have no effect on the amount of noise-generated entanglement.
Capacity Calculations
Next we discuss the amount of distillable quantum entanglement in s AB which can be produced by the noise of Ä   1 2 , assuming the previously-shown input system characterization.
Theorem 3.
(On the amount of noise-generated entanglement). The relative entropy of entanglement between the classically correlated input system r AB and the output system s AB is ( ) These results prove the statements of Theorem 3. ■
S.2 Illustration of CC-property
In Fig One can check readily that this input system is the same system given by formulas of (S.18) and (S.21), assuming ( )
This system is separable, since + + £ . v
The ³ 1 3 p error probability of the phase flip channel  1 results in the decreasing amount of entanglement ( )
, for the increasing error probability p. 
For the given input system r AB , the maximized amount of noise-generated entanglement over the channels  1 and  2 is ( ) 
S.2.1 Correlation Measures and Quantum Capacity
In this section, we derive the various correlation measures [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] for the output system s AB .
These correlation measures can help to analyze further the properties of the Correlation Conversion property.
Quantum Mutual Information
The ( ) log log log log min , , log log log log min , , . From the previously-shown consequences, the following connection can be derived: The proposed process allows easy implementation, and from now on, practical entanglement sharing can be realized without the need of entanglement transmission. The development of quantum repeater networks will also be possible without the expensive process of entanglement transmission by using only standard noisy quantum channels, with significantly lower effort and development costs.
S.4 Extension to Qudit Systems
The 2 d = dimensional results can be extended to higher dimensions, as follows. Using the notations of [9] , the bipartitions of the tripartite state ABC will be referred as One can also introduce parameter t , as follows: are maximal [9] ) from a finite range. In this case, the qudit channel output state AB s becomes only : A BC -entangled, while across the bipartitions : , : B AC C AB the qudit state remain separable, hence the CC-property can be applied for qudit inputs and channels. In future work our aim is to find other possible, well-defined channel combinations to further demonstrate the potential of CC-property.
